No information regarding the management of manure from beef cattle feedlots is available for Brazil. To fi ll this knowledge gap, a survey of 73 feedlots was conducted in 7 Brazilian states. In this survey, questions were asked regarding animal characteristics, their diets, and manure handling management from generation to disposal. These feedlots fi nished 831,450 animals in 2010. The predominant breed fed was Nellore, with average feeding periods of 60 to 135 d. Corn was the primary source of grain used in the feedlot diets (76% of surveyed animals) with concentrate inclusion levels ranging from 81 to 90% (38% of surveyed animals). The most representative manure management practice was the removal of manure from pens only at the end of the feeding period. Subsequently, the manure was stored in mounds before being applied to crop and pasture lands. Runoff, mainly from rainwater, was collected in retention ponds and used for agriculture. However, the quantity of runoff was not known. Manure was composted for only 20% of the animals in the survey and was treated in anaerobic digesters for only 1% of the animals. Manure from 59% of the cattle surveyed was used as fertilizer, providing a cost savings over the use of synthetic fertilizers. Overall, chemical analysis of the manure before application to fi elds was conducted for the manure of 56% of the surveyed animals, but the exact quantity applied (per hectare) was unknown for 48%. Feedlots representing 48% of the surveyed animals noted similar or greater crop and pasture yields when using manure, rather than synthetic fertilizers. In addition, 32% mentioned an increase in soil organic matter. Feedlots representing 88% of the surveyed cattle indicated that information concerning management practices that improve manure use effi ciency is lacking. Feedlots representing 93% of the animals in the survey reported having basic information regarding the generation of energy and fertilizer with anaerobic digesters. However, only 1 feedlot implemented this technology. In conclusion, the manure management evaluated in this study represents an important indirect economic benefi t that was represented by decreased use of synthetic fertilizers in crops. However, little attention was given to the specifi c treatments and environmental impacts of handling manure. This survey provides information that should assist in the development of better research practices and broader application of future models.
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INTRODUCTION
From 2003, Brazil has been the largest beef exporter with the largest commercial cattle herd in the world (USDA, 2011) . In 2010, 10% of the 40 million cattle slaughtered in Brazil came from feedlots (ANUALPEC, 2011) . In Brazil, feedlots are typically used as a strategy for maintaining a constant beef supply, especially during the dry season. However, because of the increasing external beef demand, this practice has been used more for fi nishing cattle and increased nearly 4-fold in the past 2 decades (from 0.8 to 3 million cattle; ANUALPEC, 2011; Millen et al., 2011) .
Greater concentration of livestock results in greater local pollutant emissions from manure during housing, storage, and land application (Petersen et al., 2007; Li et al., 2012) . These pollutants are mainly linked to methane (CH 4 ), nitrous oxide (N 2 O), carbon dioxide (CO 2 ), and ammonia (NH 3 ) emissions, and to eutrophication of water bodies (Chadwick et al., 2011; Mathot et al., 2012) . If livestock intensifi cation continues, technology and strategies need to be developed to control the associated environmental challenges.
To develop and adopt more sustainable practices, the manure management cycle (from excretion to disposal) should be analyzed (Petersen et al., 2007) . The results from these farm-scale studies provide insights for policy-makers for possible incentives to further reduce farm emissions (Lesschen et al., 2011) .
No information concerning manure management practices in Brazilian feedlots is available. This information is critical to determine the scientifi c impacts of feedlot manure on the environment and to identify management practices that could lower agricultural emissions.
Given this need for information, our objectives were to: 1) outline typical manure handling in Brazilian beef feedlots and 2) collect and summarize survey data that will facilitate the design of necessary changes and research, and aid in the development of models that describe the impacts of the manure management cycle.
MATERIALS AND METHODS
Animal Care and Use Committee approval was not obtained for this study because no animals were used.
Data Collection
One hundred twenty commercial feedlots in Brazil were asked to participate in the survey. With help from the National Association of Brazilian Cattle Feeders, these commercial feedlots were contacted by e-mail or telephone, regarding their interest in participating. Seventy-three feedlots agreed to participate. These commercial feedlots were from 7 Brazilian states, including São Paulo, Goiás, Mato Grosso, Mato Grosso do Sul, Minas Gerais, Paraná, and Rondônia. The interviews occurred in 2011 to obtain information from 2010.
This survey was conducted using methods similar to those of Vasconcelos and Galyean (2007) , which included a web-based survey tool (http://www.surveymonkey. com). The 73 feedlots received preliminary instructions regarding how to participate in the survey and were guaranteed anonymity.
Survey Questions
The 44 questions in the survey were divided into several categories, including: 1) animal, diet, and feedlot information (n = 18 questions); 2) manure management from excretion to fi nal disposal (n = 14); 3) manure application (n = 7); and 4) benefi ts and challenges of manure management and use (n = 5).
Statistical Analyses
The answers were separated by question and transferred to SAS (SAS Inst. Inc., Cary, NC), using the IMPORT procedure. Statistical analyses were performed using the MEANS and FREQ procedures in SAS. Parametric variables (e.g., animal age and adaptation period to the fi nal diet) were summarized with the MEANS procedure to calculate the number of observations, sum, mode, mean, SD, and minimum and maximum values of the atypical data. Sequentially, the nonparametric answers (e.g., main grain used in the diets and soil texture) were summarized with the FREQ procedure to calculate frequency statistics.
RESULTS

Animal and Diet Characterization
The summarized feedlots represented 831,450 cattle that were fi nished in 2010 (Fig. 1) , which represented ~30% of the cattle fed in feedlots in Brazil in 2010 (ANUALPEC, 2011).
Our research focused on 4 states (São Paulo, Goiás, Mato Grosso, and Mato Grosso do Sul), which fed 70% of the 3.05 million animals fed in feedlots in Brazil in 2010 (ANUALPEC, 2011 . Thus, we believe that our data well represented feedlot manure management in Brazil.
Forty percent of feedlots in the survey reported feeding <5,000 animals, 20% reported feeding from 5,000 to 10,000, and the remaining 40% reported feeding >10,000 animals in 2010.
The most frequent cattle breed mentioned in the feedlots was Nellore, which accounted for 73% of the animals in the survey. Nellore crosses and other genotypes accounted for 22% and 5% of the animals in the survey, respectively. Approximately 95% of the animals assessed were males.
Regarding feedlot fi nishing diets, corn was the primary source of grain (84% of the feedlots; 76% of the animals in the survey), corn silage was the primary source of roughage (38% of the feedlots; 40% of the animals in the survey), and soybean meal was the primary coproduct (45% of the feedlots; 19% of the animals in the survey). Most feedlots (23% of the feedlots; 38% of the animals in the survey) fed diets containing concentrated inclusions (grain plus other concentrate ingredients) of 80 to 90% (Fig. 2 ). Animals were allowed to adapt to the fi nishing diets during an 8-to 20-d step-up period in 74% of the feedlots (82% of the animals in the survey). Other adaptation methods were used in 3% of the feedlots (<1% of the animals in the survey). However, 3% (3% of the animals in the survey) of the feedlots did not use an adaptation method and 21% of the feedlots (14% of the animals in the survey) did not answer this question.
The typical initial and fi nal BW, average daily DMI, and TDN and CP concentrations observed in this study are presented in Table 1 . Our survey indicated that 33% of the feedlots (38% of the animals in the survey) did not feed an ionophore. Of the feedlots that fed an ionophore, monensin and virginiamycin were the most cited and were used in 44% of the feedlots (50% of the animals). However, the question regarding the level of the ionophore fed was not asked.
Most Brazilian feedlots do not feed cattle during the wet season (April to October). Thus, most of the assessed feedlots in this survey fed animals in either 1 (38%; 24% of the animals in the survey) or 2 (38%; 50% of the animals in the survey) fi nishing periods in 2010, with 71 to 100 d for each fi nishing period (68%; 79% of the animals in the survey; Table 2 ).
Feedlots with clay soil texture were the most cited (51%; 50% of the animals in the survey). Thirty percent of the feedlots fed 29% of the animals in the survey in native soil pens that had concrete at the feedbunk line. In addition, 21% (25% of the animals in the survey) of the feedlots used pens with only native soil and 21% (24% of the animals in survey) used pens with only stones. Approximately 90% of the feedlots (85% of the animals in the survey) fed animals in pens with no overhead covering (except for a cover over the feedbunk line in some pens, Table 3 ).
Manure Management, Storage, and Use
Seventy-four percent of the surveyed feedlots (61% of the animals in the survey) did not estimate the amount of manure produced by their feedlots. The other 26% (39% of the animals in the survey) estimated that 2 to 4 kg of manure per animal per day on a DM basis was provided. However, no precise measurements were made. Livestock age, BW, diet, and climatic conditions all infl uenced the quantity and quality of the manure produced. The survey indicates that 3 main areas were used for manure handling and storage: pens, heaps, and fi eld (Table 4 ). The vast majority of manure was applied to cropland and pastures as fertilizer (78% of the feedlots; 78% of the cattle in the survey).
In 58% of the feedlots (66% of the animals in the survey), manure was removed from the pens immediately after the end of the feeding period. Furthermore, in 33% of the feedlots (26% of the cattle in the survey), manure was harvested from the pens more often during the feeding period. In only 10% of the feedlots (8% of the cattle in the survey), manure was not removed from pens at all (Table 4) .
After being removed from the pens, manure in 71% of the feedlots (64% of the animals in the survey) was stored in heaps; in 8% of the feedlots (20% of the animals in the survey), manure was composted; in 1% of the feedlots (1% of the animals in the survey), it was diluted with water every 14 d and placed in anaerobic digesters; and in <1% of the feedlots (1% of the animals in the survey), it was applied directly to fi elds. Approximately 8% of the feedlots (6% of the animals in the survey) sold or donated the manure for agricultural purposes (Table 4) .
Manure in 12% of the feedlots (14% of the animals in the survey) was indefi nitely stored in heaps. The other portion of the manure that was stockpiled in heaps was applied to cropland or pasture. Before being applied to fi elds, the solid manure in 29% of the feedlots (17% of animals in survey) was stockpiled for varying lengths of time. The most common stockpiling time frame was 2 to 4 mo (Table 4) .
Runoff occurred in 51% of the feedlots (78% of animals in survey) and was formed by the dissolution Roof over feedbunks only 6 103,300 12.4
Completely covered 1 25,000 3.0 of solid manure (from pens and heaps), mainly through rainwater activity. This runoff was collected in runoff retention ponds in 45% of the feedlots (76% of the animals in the survey), was drained directly to crops and pastures in 4% of the feedlots (1% of the animals in the survey), and was allowed to fl ow into a stream in 1% of the feedlots (<1% of the animals in the survey).
Runoff from 21% of the feedlots (16% of the animals in the survey) was left in retention ponds indefi nitely. Most of the runoff was stored for between 30 d and 12 mo, before being applied to fi elds. However, because rainfall was variable and no feeder had a system to measure the quantity of runoff, the amount of runoff generated in these feedlots remains unknown. Nevertheless, because all interviewees completed at least 1 fi nishing cycle in the dry season of the year (April to October), respondents reported that solid manure was more prevalent than runoff.
Crops Fertilized with Manure
Corn (Zea mays L.) and sugar cane (Saccharum offi cinarum L.) were the primary crops that were fertilized with manure. These crops received manure from 36% of the feedlots (28% of the animals in the survey) and were followed by Panicum and Brachiaria genus pastures (42%; 24% of the animals in the survey), sorghum (Sorghum bicolor L. Moench; 12%; 9% of the animals in the survey), soybean (Glycine max L. Merrill), and Cynodon genus pasture (25%; 12% of the animals in the survey). Other crops, such as rubber tree (Hevea brasiliensis L.), bean (Phaseolus vulgaris L.), cotton (Gossypium hirsutum L.), tomato (Solanum lycopersicum L.), millet (Pennisetum glaucum L.), coffee (Coffea arabica L.), wheat (Triticum aestivum L.), and orange (Citrus sinensis L.) were also cited.
Forty-two percent of the feedlots (48% of the animals in the survey) applied manure as fertilizer in the fi eld with no awareness of quantities. In contrast, 38% (33% of the animals in the survey) applied manure at rates 5 Mg/ha to >20 Mg/ha (Table 5) .
Only 14% of the feedlots (44% of the animals in the survey) reported that manure samples were analyzed for chemical composition. Chemical analysis of the manure indicated that N, P, and K concentrations ranged from 1 to 1.5% (DM basis). The yields of the crops and pastures that were fertilized with manure were reported as superior for most feedlots (44%; 47% of the animals in the survey) when compared with fi elds that were fertilized with conventional fertilizers (Table 5) . 
Benefi ts, Incentives, and Challenges Faced by Using Manure
Fifty-one percent of the feedlots (53% of the animals in the survey) reported that crops and pastures that were fertilized with feedlot manure provided between 25% and 100% of the silage fed to their cattle. Furthermore, 22% of the feedlots (26% of the animals in the survey) reported that feedlot manure did not contribute to silage feed production. One percent of the feedlots (4% of the animals in the survey) reported no awareness regarding the extent of contribution. And, 3% of the feedlots (4% of the animals in the survey) did not answer this question (Table 5) .
The most commonly mentioned reasons for using manure for fertilizer were that it reduced the use of synthetic fertilizers (74% of the feedlots; 59% of the animals in the survey) and increased soil organic matter concentrations (41% of the feedlots; 32% of the animals in the survey; Table 6 ).
Instructions regarding the use of manure was the main concern in 68% of the feedlots (88% of the animals in the survey) when questioned about overall government technical support (Table 6) .
Notably, only 1% of the feedlots (1% of the animals in the survey) possessed anaerobic digesters for manure treatment. However, most of the feedlots (86%; 93% of the animals in the survey) had heard of producing energy and fertilizer with anaerobic digesters. Interest in programs that add value to beef production by improving manure management was mentioned by all feedlots (Table 6 ).
DISCUSSION
The beef feedlot industry in Brazil has grown in the last decade as an option for fi nishing cattle because of the increasing external demand (Millen et al., 2011) . Nevertheless, the proportion of nutrients released through handling manure in Brazilian feedlots and the evaluation of more environmentally friendly practices requires additional information.
Quantity of manure excretion per animal estimated for a few feedlots surveyed (2 to 4 kg of manure per animal per day) was similar to the values that were based on the American Society of Agricultural Engineers standards in which individually fed cattle produce ~2.5 kg of manure (DM basis) daily (ASAE, 2003) .
The model of manure handling presented in this study was also observed in feedlots in other countries, such as Canada and the United States (Kissinger et al., 2007; Beauchemin et al., 2010) , which have a greater percentage of cattle in feedlots than Brazil. According to Araji et al. (2001) , the main outlet for animal manure is its application to cropland. Furthermore, the application of manure is a function of the associated hauling and application costs. This cost is directly related to the quantity of manure that is needed to satisfy the nutrient requirements of crops in a given agricultural system (Araji et al., 2001) .
Although manure hauling and application costs were not evaluated in this work, manure application in local agricultural fi elds reduced the need and expense of synthetic fertilizers. In fact, the manure was mainly used for silage production, which was used by the farm itself. The high percentage of the surveyed feedlots citing greater agricultural productivity using manure compared with synthetic fertilizer has already been experimentally reported by Ferguson et al. (2005) . These authors reported corn silage yields increased after the application of beef feedlot manure (relative to fi elds that were synthetically fertilized with N).
In addition, the local use of manure results in extraction and recycling of many nutrients, avoids nutrient imbalances, and reduces pollution emission from the production, transportation, and application of synthetic fertilizers to livestock feed crops (Naylor et al., 2005) .
Although manure is widely used by Brazilian feedlots, representatives of 88% of the animals indicated that information regarding practices that improve the effi ciency of manure handling and use was lacking. In fact, manure handled in the feedlots assessed in this survey often remained in pens, heaps, or retention ponds for varying amounts of time before being applied to fi elds. Often, this manure was applied without any previous treatment or knowledge regarding its chemical characteristics and quantity.
The manure that is excreted on the feedlot fl oor undergoes decomposition, hydrolysis, nitrifi cation, denitrifi cation, ammonia volatilization, fermentation, and other biogeochemical reactions. Through these biogeochemical processes, manure releases gases into the atmosphere (e.g., CH 4 , CO 2 , N 2 O, and NH 3 ) and nutrients into the ground (e.g., K, P, and nitrate; Beauchemin et al., 2010; Gilley et al., 2010; Chadwick et al., 2011; Stackhouse et al., 2011; Li et al., 2012) . In addition, dust and odors are also environmental challenges for feedlots (McGinn et al., 2003; Miller and Berry, 2005) .
The emission of these substances may cause local and global environmental damage. For example, the release of these substances can be directly related to the eutrophication of water bodies, contamination of waterways, acid rain, and global warming (White et al., 2010; Chadwick et al., 2011; Cornejo and Wilkie, 2010) .
These biogeochemical reactions are affected by manure management (housing, storage/treatment, and fi eld application), as well as by animal type, diet fed, and feedlot environmental conditions. Consequently, the nutrient availability for fi eld application and what is released to the environment are dependent on these factors (Hao et al., 2001; Kissinger et al., 2007; Chadwick et al., 2011; Li et al., 2012) . Farran et al. (2005) reported that manure N losses can be reduced from 45.1 to 25.2% by cleaning steer calf pens monthly, rather than only at the end of a 166-d feeding period. Wilson et al. (2004) reported that ~64% of the excreted N was lost by volatilization from pens that were cleaned monthly and 78% was lost from pens that were only cleaned at the end of the feeding period. However, care should be taken to ensure that these nutrients are not immediately lost subsequently in manure stockpiles or during the composting process (Hao et al., 2001; Pattey et al., 2005; Davis et al., 2012) . Davis et al. (2012) reported that the N content of undisturbed pad manure ranged from 1.2 to 1.9% and that the N content of stockpiled manure ranged from 2.0 to 1.7%, which decreased with manure storage to ~1%. Pattey et al. (2005) reported combined N 2 O-CH 4 emissions from manure during storage. The stockpiling and passively aerated composting methods had lower combined N 2 O-CH 4 emissions than active aeration. Hao et al. (2001) showed that N losses of 0.11 and 0.19 kg N/Mg (in the form of N 2 O) occurred from feedlot cattle manure that was passively and actively composted, respectively.
In addition, there are nutrient emissions resulting from the application of manure to fi elds. These emissions depend on several factors (e.g., soil and manure type and form of application), which were extensively discussed (Gilley et al., 2010; Chadwick et al., 2011) .
However, no data regarding nutrient emissions from manure management in beef cattle feedlots are available for Brazilian conditions. This lack of information may delay decision making process by organizations and government agencies in the incentive towards improvements in agricultural practices. This survey provides information that should assist in the development of these investigations as well as strategies for better use of manure by beef feedlots in Brazil.
